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Knee osteoarthritis (OA) is the most common form of symptomatic OA. Radiographic evidence of knee OA in men and women older than 65 yrs is reported to be 80%, and approximately one third of these people are symptomatic. 1, 2 The risk of disability from knee OA alone is comparable with that of cardiac disease and is greater than those for other medical disorders in the elderly. 1, 3 A recent report by the World Health Organization on the global burden of disease indicates that knee OA is likely to become the fourth-most-important global cause of disability in women and the eighth-mostimportant cause in men. 4 The American College of Rheumatology and the European League Against Rheumatism have published clinical guidelines as systematically developed statements to inform practitioners and patients about appropriate health care for specific clinical conditions. The guidelines for managing knee OA recommend a combination of nonpharmacological (i.e., education, exercise, lifestyle changes, and physical therapy) and pharmacologic (i.e., paracetamol, nonsteroidal antiinflammatory drugs, and topical agents) treatments. Given these guidelines, conservative management plans for patients with knee OA must be individualized and adjusted according to the responses of the patients. [5] [6] [7] Many researchers have demonstrated the beneficial effects of exercise programs (e.g., isometric, isokinetic, progressive resistive, aerobic, hydrotherapeutic) in improving muscle strength, decreasing pain, and helping patients with knee OA better perform their activities of daily living. 8 -12 These recommended exercise therapies are based largely on expert opinion and the results of large, randomized, controlled trials. [13] [14] [15] [16] [17] [18] [19] Several recent longitudinal studies have concluded that carefully controlled exercise programs designed primarily to address knee OA are beneficial. The American College of Rheumatology and European League Against Rheumatism have approved regular exercise as a therapeutic approach for knee OA. Exercises that strengthen the quadriceps lead to decreased knee pain and improved function. Although aerobic, proprioceptive, and hydrotherapeutic exercises are used to treat patients with knee OA, strengthening exercises (i.e., isometric, isokinetic, and progressive-resistive) are particularly recommended. [5] [6] [7] Ytterberg et al. 20 have addressed the importance of appropriate dosing of the exercise to improve joint motion, muscular strength, and cardiovascular fitness for patients with OA of the knee. Exercise therapy is important in OA management, but the mode of exercise that would induce maximal functional outcome is not clear. Isotonic exercise is suggested for initial strengthening in patients with knee OA. Isokinetic exercise is suggested for improv-ing joint stability, walking endurance, and disability in these patients. 10, 14 Isokinetic exercise seems to strengthen type II fast-twitch fibers more than other type of muscle fibers in human knee extensor muscles. 21 There is growing evidence that increasing isokinetic muscle strength is one of the most common methods whenever muscle strength is thought to be a major factor in sports success and rehabilitation. Many publications during recent years have concerned peak torque (PT) and flexor/extensor ratio for the evaluation of knee disorders. [22] [23] [24] [25] The primary goals for OA therapy are to relieve pain, maintain or improve functional status, and minimize deformity and instability. Physical agents like short-wave diathermy (SWD), transcutaneous electrical nerve stimulation (TENS), ultrasound (US), and hot packs (HP) are noninvasive modalities that are commonly used to control both acute and chronic pain arising from several conditions. There is a paucity of information regarding the efficacy of these agents in treating knee OA. Despite the use of different combinations of these modalities in treating knee OA, there is no consensus regarding which of these agents is more effective than the other. A number of trials evaluating the efficacy of these agents in OA have been published. The heterogeneity of the included studies was observed, which might have been attributable to the different study designs and outcomes used. Better-designed studies with a standard protocol and adequate numbers of participants are needed to make conclusions regarding the effectiveness of these physical agents in the treatment of knee OA. 5-7,26 -28 Physical treatment modalities are widely prescribed together with exercises; however, there is no agreement about which modality might be better than the other when combined with exercises. 5, 6 Prescription of different modalities leads to an increase in treatment costs. The optimum combination of treatment modalities has yet to be clarified. As a result, questions regarding the effectiveness of a particular modality over others must be addressed.
Most previous studies have used exercise or physical agent therapy for knee OA alone. We combined these therapies specifically for use in patients with knee OA. To our knowledge, only two previous reports have considered these relationships. 29, 30 Our aim was to analyze the therapeutic effects of SWD, TENS, US, and HP when applied before isokinetic exercises in women with knee OA.
MATERIALS AND METHODS
One hundred women from the local community (mean age, 59.82 Ϯ 9.05 yrs) with clinical and radiologic diagnoses of knee OA were included. Informed consent was obtained from all patients, and the study protocol was approved by the Başkent University ethics committee for clinical studies (No. KA05/216). American College of Rheumatology classification criteria for OA were used. 31 Patients were consecutive outpatients at the department of physical medicine and rehabilitation at Başkent University in Ankara, Turkey. Patients had no previous history of knee surgery, lower-extremity arthroplasty, or intraarticular injection of hyaluronic acid or steroids in the last 6 mos. Selection criteria were clinical presentation of bilateral knee OA, ability to walk at least 100 m on an even surface, and full or near-full passive range of motion at each knee. All participants were initially examined by the same physician with regard to the selection criteria, and, if found to be appropriate, the participants were included in the study. Demographic data including age, weight, height, and body mass index were obtained. Body mass index was calculated as kilograms per square meter. Body weight was measured with patients dressed in light indoor clothing without shoes, using a SECA electronic stadiometer (Seca Ltd, Medical Scales and Measurement Systems, Birmingham, UK). Anteroposterior and lateral knee joint radiographs were obtained in weight-bearing position. The radiographs were graded by the same physiatrist according to the Kellgren and Lawrence scale, where grade 0 ϭ normal and grade 4 ϭ severe. 32 One hundred patients were randomly assigned to five groups of 20 patients each. Patients were evaluated at baseline and at the end of the treatment sessions by the physician, who was blinded with regard to the type of treatment the patients would receive. All patients received treatment three times weekly for 8 wks. Patients in group 1 received SWD ϩ HP ϩ isokinetic exercises; group 2 received TENS ϩ HP ϩ isokinetic exercises; group 3 received US ϩ HP ϩ isokinetic exercises; group 4 received HP ϩ isokinetic exercises; and group 5 served as the control group and received only isokinetic exercises. After application of physical agents, each patient underwent individual warm-up exercises on a stationary bike set for 20 cycles/min for 5 mins before undergoing muscle-strengthening exercises. The therapeutic effects of these programs were evaluated with regard to pain, disability, ambulation, and muscle strength. Patient compliance also was assessed. Participants were instructed to continue taking any current medications and not to start any new therapies for knee OA during the 8-wk study.
Measurement of Disability
Disability of patients with knee OA was evaluated using the index of severity for knee osteoarthritis (ISK), 33 which includes questions about knee discomfort, endurance of ambulation, and difficulties in activities of daily living.
Measurement of Ambulation Activity
Ambulation was evaluated by recording the time (secs) to walk a predetermined distance (50 m) as comfortably and as quickly as possible. Walking time was recorded with a stopwatch by the same physiatrist.
Measurement of Pain
Knee pain severity was evaluated with a visual analog scale (VAS) after a 50-m walk.
Isokinetic Test Protocols
A computerized isokinetic dynamometer (Cybex 770 Norm, Lumex Inc., Ronkonkoma, NY) was used for the testing and training procedures. The same examiner performed isokinetic dynamometric measurements using the same test protocol in all participants. We created a new test protocol and added it to the isokinetic concentric exercise mode menu of the device to standardize the measurements. Subjects were seated on the isokinetic dynamometric bench at 80 degrees of hip flexion and 90 degrees of knee flexion, with the ankle unrestricted. The trunk and legs were stabilized using straps across the chest, waist, and upper thighs. The range of movement of the knee was measured by the dynamometer from the points of maximum possible flexion to maximum possible extension. Five consecutive concentric motions were performed at three preselected velocities (60, 120, and 180 degrees/sec) within the maximum joint range, with a 30-sec rest period between velocities. 8, 10 The highest torque generated in each movement was recorded from strip chart recording. The effect of gravity was corrected. The maximum PT values in newton-meters for each subject were calculated for each set of repetitions.
Compliance
Although patients were instructed to fill in an exercise diary program, we could not obtain satisfactory data for statistical analysis. Hence, compliance was calculated as the number of patients who had completed the treatment sessions divided by the number of initial patients. 34 But the strongest and most consistent predictor of compliance in this study was the behavior of patients.
Treatment Protocols
A TENS MED911 unit (Enraf-NoniusB Delftechpark 39, 2600 AV, Delft, The Netherlands) was used to administer TENS therapy. Sessions lasted 20 mins. The frequency of the TENS unit was set to 60 -100 Hz, and the pulse duration was set to 60 msecs. Patients remained in the supine position with both knees at full extension while electrodes were placed around the painful areas. The intensity of the current was increased to the point of seeing no contraction while the patient felt comfortable.
A Sonopuls 590 US machine (Enraf-NoniusB Delftechpark 39) was used for continuous US therapy. A 1-MHz US head was used, set to an intensity of 1.5 W/cm 2 . US was applied around the knee joint with full contact for 10 mins. The patient remained in the supine position with both knees fully extended while US was applied.
SWD was applied using a Curapulas 419 (Enraf-NoniusB Delftechpark 39) at a frequency of 27.12 MHz. The condenser field technique was used for 15 mins as each patient sat on a chair and placed her legs on a table with both knees fully extended during treatment.
After applying the physical agents and warming up, the isokinetic muscle-strengthening exercise protocol was performed individually under the supervision of the same physical therapist. The subjects underwent isokinetic strength training of the knee flexor and extensor muscle groups, and each subject was encouraged to move her knee joint with maximum effort at each velocity. The isokinetic exercises program was applied three times a week for 8 wks, for a total of 24 sessions. The intensity of isokinetic exercises increased from one to five sets during the first through fifth sessions and remained at five sets through the remaining 19 sessions. Each set consisted of five repetitions of concentric contractions of the knee extensors and flexors at angular velocities of 60, 120, and 180 degrees/sec. Patients were allowed to rest for 20 secs between sets and for 60 secs between the right and left knee.
Statistical Analyses
Statistical analyses were performed with SPSS software (Statistical Package for the Social Sciences, version 11.0, SSPS Inc, Chicago, Ill). Because most of the data were not normally distributed, we used nonparametric tests in all statistical analyses. The Kruskal-Wallis test was used to test for differences in outcome measures at baseline by treatment groups, and the Mann-Whitney U test with a Bonferroni correction was used for subse-quent post hoc pairwise comparisons. To compare pretreatment and posttreatment values, the Wilcoxon test was used. Also, the 2 test was used to test for differences of Kellgren and Lawrence grades and compliance by treatment groups. Statistical significance was set at P Ͻ 0.05. Table 1 provides the demographic data of the patients. Of the 100 patients enrolled, 15 withdrew. Compliance was lowest in the fifth group, although there were no significant differences between the groups (P ϭ 0.694; Table 1 ). Increased knee pain was the major reason for discontinuing treatment. Fifteen people refused to continue the exercise program because of exercise-induced pain. At baseline, age, body mass index, Kellgren and Lawrence grade, ambulation time, PT values, ISK, and VAS scores in each group were similar ( Table 1- 6) .
RESULTS
Changes in mean VAS scores for knee pain in each group are shown in Table 2 . VAS scores decreased significantly in all groups after treatment. Patients in groups 1 through 4 showed the greatest degree of pain reduction, and these scores were significantly different from those of patients in the control group (P ϭ 0.019). A pairwise comparison demonstrated that changes in VAS scores were similar among groups 1 through 4 (P Ͼ 0.05).
Walking time significantly decreased in all groups, but there were no statistically significant differences between the groups (P ϭ 0.589). Changes in mean Lequesne index scores are shown in Table 2 . Average ISK scores decreased significantly in all groups after treatment. There was a significant difference in Lequesne index scores among groups (P ϭ 0.018). A pairwise comparison demonstrated that groups 1 and 2 were significantly different from the control group (P ϭ 0.022 and 0.001, respectively); however, there was no statistical difference between groups 3 and 4 when compared with the control group (P ϭ 0.102 and 0.073, respectively).
Regarding isokinetic performance (Table 3- 4 increased significantly. Also in the control group, significant increases in PT values were observed after treatment during right and left knee extension measurements (Tables 3 and 5 ). Pairwise comparisons reveled that groups 1, 2, and 3 demonstrated significantly higher PT values compared with the control group at all angular velocities during all four measurements (P Ͻ 0.05). However, when we compared group 4 with the control group, no significant difference was found with regard to peak PT values during right knee extension at 180 degrees/sec (P ϭ 0.114) and left knee extension at all angular velocities (P ϭ 0.142 at 60 degrees/sec, P ϭ 0.102 at 120 degrees/sec, and P ϭ 0.076 at 180 degrees/sec).
Comparisons among groups 1 through 4 revealed that all groups were similar at all angular velocities during right and left knee flexion measurements. However, during right knee extension measurements, statistically significant differences were found between groups 1 and 4 (P ϭ 0.037 at 60 degrees/sec, P ϭ 0.008 at 180 degrees/sec), 2 and 3 (P ϭ 0.01 at 120 degrees/sec), and 2 and 4 (P ϭ 0.01 at 180 degrees/sec). Also, during left knee measurements, statistically significant differences were found between groups 1 and 4 (P ϭ 0.005 at 60 degrees/sec, P ϭ 0.01 at 120 degrees/sec), 2 and 4 (P ϭ 0.038 at 60 degrees/sec), and 3 and 4 (P ϭ 0.015 at 60 degrees/sec).
DISCUSSION
We conducted a randomized, single-blind, controlled trial to clarify which physical agent(s) used in varying combinations with exercises would increase exercise performance in communitydwelling volunteers with symptomatic knee OA. Significant improvements were found in patients in all groups with regard to pain, walking time, functioning, and isokinetic performance. Patients in the treatment groups (groups 1-4) demon-strated significant improvements compared with patients in the control group (group 5). These improvements were statistically significant.
In our study, pain reduction was similar in all physical agent treatment groups. VAS score decreases in all treatment groups were significantly greater than those of the control group.
Osiri et al. 27 performed a recent meta-analysis of literature concerning the use of TENS for knee pain in individuals with knee OA. They conclude that TENS was more effective than placebo when it was used for a duration of 4 wks or more.
Cheing et al. 35 evaluated the effect of repeated TENS alone and TENS combined with isometric 0.0001 ‡ 0.0001 ‡ 0.0001 ‡ 0.002 ‡ 0.005 ‡ ‡ Significant differences in mean peak torque values for left knee extension in each group after treatment (P Ͻ 0.05). P values are computed using the Wilcoxon test. * Significant differences of change in mean peak torque values for left knee extension between groups (P Ͻ 0.05). exercise on OA knee pain during a 4-wk prospective controlled trial. They report that there was no significant difference between the groups.
Welch et al. 36 conducted a systematic review on the effectiveness of therapeutic US therapy for treating knee OA. They conclude that US therapy seemed to have no benefit over placebo or SWD for patients with knee OA. We also found US to be less effective than SWD and TENS in knee OA.
The mechanism of action of physical modalities on alleviation of joint pain is not clear yet. A group of agents called superficial and deep heaters are said to act by elevating the temperature of tissues that induce increases in blood flow. Increased blood flow leads to better tissue perfusion, increased metabolic activity, and muscle relaxation. Another possible mechanism of action is the inhibition of nociceptive transmission by activation of A-alpha and A-beta fibers, known as gait control theory. 37 Low-frequency electrical currents (i.e., TENS) are also thought to induce endogenous opioid secretion and modulate ascending pain-control pathways. 38 Walking time significantly decreased in all groups after the treatment, but there were no statistically significant differences between groups. Exercise, both alone and combined with physical agents, improved the patients' walking ability.
We evaluated the functional status of patients using ISK scores. After treatment protocols in all groups, average ISK scores decreased significantly. Pairwise comparison tests among groups 1, 2, and the control groups yielded significant differences. In a similar study, Huang and coworkers 10 compared the therapeutic effects of different muscle strengthening (i.e., isotonic, isometric, isokinetic) exercise on the functional status of patients with knee OA. Their results show that patients in each treatment group had significant improvements in pain reduction, function, and walking speed after treatment. When the authors compared the treatment groups, they found that patients in the isotonic exercise group had the greatest reduction in pain, but patients in the isokinetic exercise group showed the greatest increases in walking speed and function and in muscle strength gain at 60 and 180 degrees/sec at angular velocities. Huang et al. 10 state that isokinetic strengthening exercise had the greatest therapeutic effects on the functional status of patients with knee OA; it also had the lowest level of compliance with treatment when compared with isotonic or isometric exercise, because of exercise-induced knee pain.
When we checked isokinetic performance, we noted a more significant increase in groups 1, 2, and 3 than in groups 4 and 5. Comparison of group 4 with group 5 revealed no significant difference regarding the PT values during right knee extension at 180 degrees/sec and left knee extension at all angular velocities. Our results were similar with those of several randomized controlled trials in which it has been reported that significant progress is achieved in muscle strength after isokinetic training. 10, 24, 29, 39 The reliability of the isokinetic measurements was not evaluated in our study. However, quadriceps and hamstring muscle strength measurements on isokinetic devices have been demonstrated to be reliable in recent studies. 25, 40 We used isokinetic exercise testing and training protocols because they have the advantage of providing objective data and of enhancing motivation with visual and auditory stimuli. Also, the isokinetic programs were carried out in hospital conditions and under supervision.
In our study, improvements were more marked after treatment in the four treatment groups, reflecting the additional benefits of physical agents. A possible explanation for our results involves the specific treatment effects of the physical agents we used acting as local heaters and pain relievers. On the other hand, one could argue that a placebo effect might have been responsible for this condition. Unfortunately, we did not include sham physical therapy groups in this study because it would be technically challenging, and because there would have been too many test groups to compare. In addition, most patients can easily differentiate sham from actual therapy.
Our findings suggest that the physical therapeutic agents investigated offer benefits for isokinetic performance as well as physical function. Before our study, one randomized controlled trial had used US to increase the effectiveness of isokinetic exercises for knee OA. Huang and associates 29 used a physiotherapy protocol similar to ours; the only differences in their study are that it was conducted with four groups and that they used only US for additional physical therapy. Those authors found that all groups had increased muscle PT and reduced pain and disability scores, but using US to treat knee OA before exercise increased the effectiveness of isokinetic exercise. Similarly, we found additional effects of all physical agents and their combinations used. On the other hand, with regard to most parameters, TENS and SWD combined with HP seemed superior to US with HP or to HP alone.
Jan and Lai 30 investigated the effect of US and SWD with and without therapeutic exercise on knee OA in 61 women. All patients were assessed by functional scoring and isokinetic testing before and after treatment protocols. All patients had significant improvements in functional and muscle PT values. The researchers found no significant differences with regard to treatment effects between US and SWD for knee OA. When the exercise program was combined with SWD, increased treatment effects were seen with regard to function and muscle PT.
Patient compliance is another issue, and studies with high patient compliance have shown better results. Patient compliance depends on many factors, including consistent education, encouragement, follow-up, injury, and complications (e.g., knee pain) as a consequence of inappropriate exercise. Therefore, we aimed to eliminate these factors as much as possible. In our study, 15 of 100 patients terminated their participation in the study. Exercise-induced knee pain was the most common reason. The strongest and most consistent predictor of compliance in this study was the behavior of patients. We believe that using physical agents before isokinetic exercises may increase compliance.
We conclude that exercise and physical agents can reduce pain and improve function and health statuses in patients with knee OA. Combined exercise therapy with physical agents increases the effectiveness of exercise. In patients with knee OA, physical treatment applied before isokinetic exercise tends to increase performance and compliance. We found statistically significant differences with regard to the treatment modalities (i.e., TENS, SWD, US, and HP) for some, but not all, of the parameters (PT values, ISK scores) we tested. TENS and SWD seemed superior to US. Use of physical agents before isokinetic exercises in patients with symptomatic knee OA leads to augmented exercise performance and improved function. Future research also should focus on economic analyses so that clinicians can use the most cost-effective forms of physiotherapy for knee OA treatment.
